Preliminary experiments (H2O dependence)
Geier and coworkers 1 demonstrated that the electrolysis of H2O is a key requirement for purification of carbon rich metal precipitates initially fabricated via Focused Electron Beam Induced Depostion (FEBID).
We therefore conducted preliminary experiments using QUANTA 200 ESEM (FEI, The Netherlands) in high-vacuum (2.10 -5 mbar chamber pressure) and low-vacuum mode with 10 Pa H2O partial pressure at room temperature. Prior to this exposure, we fabricated 100 nm thick TMSC films on SiO2 / Si (5 nm / bulk) substrates via spin-casting and immediately transferred them to the electron microscope. Results obtained by light microscopy are shown in Figure S 1. The left parts gives the patterned square regions after e-beam exposure while the right parts show same areas are 24h incubation to the highly specific enzyme cocktail Hypochrea jeronica (parental strain: RUT-C30). As evident, low-vacuum H2O conditions led to massive proximity effects which prevent high-resolution structuring as a consequence of the well-known skirt scattering effects in ESEMs. For high-vacuum conditions, however, no such proximity effects have been observed while the enzyme cocktail entirely removed the patterned areas. Based on the high specificity of the applied enzyme cocktail to pure cellulose and the fact that surrounding, pristine TMSC areas were entirely unaffected, we hypothesized that e-beam induced conversion is a pathway for defined highresolution cellulose structuring. Based on these preliminary experiments, we investigated the process in more detail which represents the main part of this manuscript. 
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FEBIC Patterning-parameters and -layout
In the following the applied structuring layout is specified in detail. For all experiments 100 nm TMSC films have been used which were spin-cast on SiO2 / Si (5 nm / bulk) substrates. For each pair of UBeam and IBeam (12 combinations in total, see Table S1 ), a systematic variation of dwell-time (DT) and frame-numbers (multiplicator) have been applied (see Figure S2 ). All pads were 1x1 µm 2 in size with 1 µm distance in between. The point-pitch (PP) was defined by a 50% beam overlap accounting for the fact that beam profiles change with voltage and current. This simplifies the dose calculation for further modeling. 
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To clarify the experimental strategy used throughout this study, a work-flow chart can be found in Figure S3 . As evident, the procedure starts with the (1) preparation of the TMSC films (as specified in the methods section of the main manuscript) followed by (2) the e-beam structuring (FEBIC) and (3) AFM height analysis after patterning (as prepared), then subjected to (4) the enzyme incubation with cellulases which removes transferred cellulose (conditions are again specified in the methods section of the main manuscript) and (5) finally analyzed via AFM height analysis after enzyme incubation. By using the calculation (hbe-hae)/hbe we are able to specify the non-degradable material in a relative fashion. The process is finished with a fitting routine as depicted in supplement 4. 
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Calculation of the electron dose
The applied electron dose (D) is calculated according to equation (1) nearest neighboring patterning pixels. This finally leads to a factor of 4 for the total dose, explaining the multiplication term in equation (2). For the time t one can now set the pixel dwell time DT multiplied by the number of passes P. As alternative we may take the area spanned by the POP which is one fourth of the beam area. Note, we are aware that edge patterning points would require a different treatment with different multiplication factors. However, given the fact that a pattern with total area of 4 µm 2 yields between 5000 and 20000 points depending on the beam diameter, we treat edge patterning points as negligible.
The interaction of electrons with the TMSC and further its regenerated products may be described by chemical formalisms as depicted in equation (3). We have demonstrated that cellulose is an intermediate product by FTIR and indirect enzymatic degradation. However, we also observed the generation of nondegradable material with ongoing dwell-times (DTs) which most likely results from electron induced damage of the cellulose backbone. It is so far not clear, what products are generated precisely, but is feasible to assume that the main portion is carbon. We therefore may write the chemical reaction as follows:
Here, − is representative for the accelerated electrons which contribute to such reactions. At first, it is feasible to neglect k1-and k2-as these reactions are rather unlikely. From here on k1+ and k2+ will be denoted as k1 and k2, respectively. Each partial reaction, first to cellulose and from cellulose to carbonized products follows by principle second order kinetics. Now, assuming a constant flow of electrons which is the case, at least for the dwell-time, we obtain a situation which is well known as pseudo first order chemical reactions (see equation (4) with B(t) = constant). In fact, our analysis to unravel the regeneration from TMSC to cellulose and further to carbonized and non-degradable material represents the corresponding reaction kinetics. By finding appropriate equations for this behavior, we may be able to fit the functions and derive important parameters in addition to the optimal dose. Further it would prove our hypothesis derived in equation (3). The following formalism is a concise summary of the theoretical background behind the used model. In the following, for simplicity variables summarized in Table S 2 will be used. 
Parameter Variable Description
[TMSC] A(t) Concentration of TMSC For the concentration of TMSC over time equation (4) is immanent:
Reorganization and integration yields:
As experimental curves denote the non-degradable material we must have a look at C(t) which is:
If, we use the expression for C(t) as depicted in equation (6), we may write:
This is an ordinary linear differential equation of γ(t) and thus of the concentration of non-degradable material. A solution to equation (7) may easily be found by using a variation of parameters ansatz. Here the homogenous part of the equation may be easily derived in similarity to equation (4).
A variation of constant ansatz now is:
Straightforward differentiation and substitution to equation (7) yields:
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With homogenous and particular solution we can now find a general solution to equation (7):
To solve for Cp+h we now have to find a boundary condition of equation (7). Needless to say, the equation must satisfy 
The final solution to this problem is therefore as follows:
By substitution of the general terms in equation (13) we then get the fitting function with parameters a1, a2,b1 and b2.
[ ] = 1 + 2 • (
Furthermore a2 may be expressed by a1, b1 and b2, which yields the final fitting function:
Data obtained by fitting equation (15) to experimental evaluated data is shown in Table 9 and Figure Figure S1 . For the measurement height data before and after enzyme treatment is set into relation. Curves are fitted according to equation (14) . Figure S1 . For the measurement height data before and after enzyme treatment is set into relation. Curves are fitted according to equation (14) .
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Figure S 5: Non-degradable material for 2 keV electrons evaluated from patterns as depicted in
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Figure S 6: Non-degradable material for 5 keV electrons evaluated from patterns as depicted in
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Figure S 7: Non-degradable material for 10 keV electrons evaluated from patterns as depicted in Figure S1 . For the measurement height data before and after enzyme treatment is set into relation. Curves are fitted according to equation (14) .
A more detailed investigation concerning broadening effects reveals two different influences which, however, are essential to achieve highest lateral resolution. For lowest primary electron energies of 2 keV a structure broadening effect in the range of 20 -30 nm was found for ideal doses as representatively shown by AFM 3D height image in Figure S To achieve successful application of FEBIC structuring on TMSC films, film thickness has to be considered. As shown in Figure 4 for a 100 nm thick film, energy distribution as an indicator for electron penetration depth is strongly shifted into the layer and substrate with increasing primary beam energy. In the case of thicker films, this has to be considered carefully as choosing the primary beam energy to low may result in incomplete curing due to insufficient penetration depth. We therefore applied additional simulations using the Monte Carlo method and the CASINO package (CASINO 2.48; Build 2.4.8.1). 
